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Abstract 



PROBLEM TO BE SOLVED: To detect an unevenness (defect) such as flaw of a light-transmission material with 
high sensitivity and speed. 

SOLUTION: Laser light L from a laser 2 is introduced in a transparent substrate 1 through its introduction surface 
using mirrors 31 and 32. The laser light introduced into the transparent substrate I is repeatedly total-reflected on the 
surface of the transparent substrate 1 (main surface and end surface), and almost confined in the substrate 1 . If an 
even part such as flaw is present on the surface of the transparent substrate 1 , a total reflection condition is not met, 
causing light leak from that an even part. The leaked light is imaged on a CCD 6 by a lens system 7, which is image- 
processed by an image processing device 12. Related to the detected image, an uneven part with a flaw, etc., 
appears bright in line or spot like against a black background, so an uneven part such as very minute flaw, etc., is 
detected. 
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[003714^. 33tettt)S* J *4^(7)^ (fidi 

-^-%-hmx^tix frh&.mz±%MWizxm-hft 
g.e\bhh-fe(n>mi&*i>r>x^&<nx\ *<mg.e\ 
■tmssmthzbizXtT . m (^ri^®t'SS«-4 
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S*«a*E»rt KiBHLT*»£8«E£fr o b . BaSAS: 
if-**. ^R«S:iBi-rttHrt'CA»«* 

[ 0 0 3 8 ] »1fifHI«<^R»ffi, tfnlL®** 

ttffltT\ (£RSffiCiS{t43fccOAStft£ 
0bLtibZlz, *BELffiT<i03t<07JWIW:9 0* -<9 
fc*4. ) SrtoTfsSf SidJC^rS^^TfcS. 
[00 39] ifc. ft-g,-fflO^RMffih$>l»-^*f 

x . mmwnft zytmm-th zbizx -> x%&mti . 
2iifcmmm®ftn&&-~?<?wmizi$ftZ7r%)-& 

twmm&imft&<ttMzmm?mzitxwim& 

(rywimtimtihnx'ftt. lw 

[0040] ±&Xl**ftty<7)-®Wj:ftfflt&fr<7>m 

±HB b B3W & ^=Sr < t -fflWSSM . TOT 2±ft ® 
tt*«i*i<03t»#3l£*Wfc:^-^)«^fc:«. Wenmtt 

mzLx. jlo. t h~m<omm(Dis\x'Km-t 
hXoizimzit. im^hz.t\<z£r>xmj&.ztihm 
imRx/wR*)&x-mitifcmMmTu 

**#&-f 4 t « . itn e±aBSUf /OUiSHaia* s> siaj 
-fa. 

[0 04 1] Ht. ±E£«BL *B1B, fflDROaWi* 



4. i<o*£. »ALfci/- r-3fe*\ a%mx' 
■k&mzm'omLxmytmmmz (mmio mta 

fc*4<0T#4U*. BD*». f-fttfeg. 

mmviE-tzmmxco. »*>Aiw«iH&esr9 . * 

*: . 8nfi£AiW43fc0>Aatft H *ii4>3&»-3e 
( ft 4 ftOAW ft fc^fcLfcfcfcfc. 
«MfcA»*43foOAMfctt 90--^tc^4)&to 

SiSEB'soAStfttf, E&^^i i 0 i>A# < d (c 
L, 1-5. SB^ASfcftam^ft ± r> <^ri> J: 

$ ^.fcli JIALfcU- tf-^BuiBrasosp^-eai 
9*^-4 <fc 3 t:U-lf-3K*»A-r 4 . 
[ 0 0 4 2 ] 4fc, ±tE^-tt^*-a*«*t-f4 
383tettft««, ^5X3t)^^4£i:*^4Lv-.. jKttt 

5S»T'S>4£fc. «BBBfaW4£i:KJ:-5T#«fc: 
^^r*ffi*^#<oti.4 £ 4: . ft<7>mmff&KfX*h 4 £ 
t^t'^iJ*>'S>4. 

[0043] nero-eis^ffiii, a^tt^sft^ 

4. -eilti. 3fi¥^tt4^°^->^©W^l:fcffVv 

[0044] 4fc. ±Kw-«3Bwai, mmm 

S tlX V ^ 4 cr>X\ ±X&FXi-1S&E)m 

aHRaiiioafcv^fcasafisiEiwb. usnvk*) 
[0045] isiw^'U x-mtfy^mm*?. mm 

±«ffit:Slff=fir*HBB**L. ^AL^^KStSr^') 
jiLr^tt^^SltS^)^^4<td{c-r4i:. ^ 

b tfX'% . imti&ifsmb . 
[ 0 0 4 6 ] *^BJtC«4^tt^«<7)^%H4 
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B8Bj^SA»A,ailtUfeP-1f-3b6(«, Hul5^Affi«t 
0 *A § ^4 b *fc , ffirSB83ttt*«rt 03KBj&«36*W 

zti,zx-oxm^tiimM^< t hzMemmx-m 
£tiwm£m®xu-?-m i ?rzWL&£ o t, mm 

LT^SfcOTft*. Zcr>£ Hcffimz-tZt. iifttt 
[0047] JJE*«S6»c*iVvc, mtmw^mzffi 

gjmmimzft-rh u—r-ftntjttAnzz&ikZit 

cr>3kffiX'ffi<£%.8t$:m r )ML. fttfmt^hlxhX 
[0 04 8] a*SHB#&«>ft«W$r t><0k LT. 5 5 

[ o o 4 9 3 ifc, jJBBaaancisv^T, mrie^tt 

<0^a«*«tft'5r<s L*»t>a«lW(C«3lE*ffaii:36* 

[oosoiifc. ±Mitmmm.izi5^x. msam* 
mzn LiBE^ttfl«avwiEttas#S36»-f*:«fcffi 



[005 1 ] ttz. iffiBBBSBKiStvc. milE^m* 
Stt, (CCD^'J b. 

wxb Sr^u, ffirets«^ * 5 u>xzm 
xmmizn tm&^izm^m^t z t l 

[00 52] JifgE&EgSCfc^T. mriB^tH^a*^ 
[0053] iWl ^S^tt^M^^E-t?.^- 

m®s%b') (mm. m®% 

b') iztttx, mm^hmm-t h%<n mm mm (m 

(flH8> *?>v^-?-mzwmLx&z. m& 
\,zx->xtk\x>Ltz3t<n mm) tftmbmiwmLtnm 
b mitth z b tz*. ^xffl&£®ncvFi%-<7)mm. 
±z $ zmstfi z b tfx-% h. z\<r>x o <,zm%mm 
<wm-<o*i*k. as. ±%%*mm-?z>zbi<zz.*) . 

izmwcofohT^-'tett-t&tf^x-yyxhu-h 
m&mzxxnizmttmizvmLtz*) , swstcM 

[0054]^^, ±!5^-tt«teS^ISfcfe^T . M 

dcoc C D <?)IEa-ftJS3tB#S^-f-Sfi-^#Jt ( 1 0 
• log,, (S/N) ) iz^m. UmLKbZ, JEMit 
B3KB$ia0 . 0 2 5JjLhlCi3V.Tft^^Jt (10-1 
og„ (S/N) ) *M.8dBKUiT'S>-?.C:k*W 
Lv\ ZZX\ JEMitmytmmbii. (CCDOlSjfcB* 

/ u^v^y^yv^mmfi (20000/409 
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5) xi ooxi/? hvyizm-t&tX'CDCCDco&k 
#T£4. ) 

[00 55] ZfiM. mm&^lWA ■ 8 d BJiLh ( W 

ye^ncoT^-mm. mm. xzzzmm-t&zk 

[ o o 5 6 ] tit. *wmmhmwmL<r>mwmm 
a. u-^-mmx-rmxmk. mxuzu-^- 

3L$mt, ±mmnm*^K®zmv&Lxwn-t&i' 
—f'-xomttftizMft-fz, x o \,zmnhtitz^-t£< 

k i>-mni%Mt ZffitfzWmfoZWmthJMk . 

mi&wmmftivftmtft^mz&j-cDmiiMi. mm 
mfcft zim lx ±m&mft&mz*M^z>x.tf±%M 
£ lx . ao. t h-m<omm<r>mx'ms.-r 4 * 
oizmmzit. mmt&zkizxixM&zti&iftmi 
&ffiRvm3^Mxm&tLtzm&ffi&x'u--r-ytw 
iizm&xo izu—f-ftzmmtMX osiA-f 41 
mk. m&mmmf/yjimwtiimfrb&mtt-hz- 

t>titzmmk. ^frwmztifcmwmmizftiE? 2,^23 
mm. jzzzizftmLKinmkZimL, 
mwmuzmm-t&zmk . z^zzkzmik^ 
4. 

[00 57] 

[ mkommwrnm ] VTiz^gpn^mm^mmz mm 
zm^xmwrz . miit*mwzi*hWfmmwF 
i$^mmw<7>-mmm z^-tmmmfsmx'h 4 . 

[0058] hi iz$5\^x. i i±w&£ttm.X'h •§> ft^ 
tfyxwcotfyxfrCK&mwmwi.x'fc 4 . m*m®. i 

-f41><OT"S>-?T.. **Ui. («ffi&t/OT) H 

h«M (T®5.l^ffi5XD^C®) kfrh**). Wfti. 

<Dma>mmmmL*zm. mftimztix^z. z<m. 
mm {mm&x/mm) it. ^swtc^AL^ix— r 

mmk Lxwt&mz^-tz. t*. mm (rm) a. % 
0yMfrtfo<,zttfo-r& i. o izwvhtixte*) . wk±* 

C®Ji, Mia±«ffitBJrl5fflB (TBI) fc£J:-?-C&£ 
ft.*:ffiT'£>4. cffitt. ^M^fifcff&fiKifc* 

•)Mlfc s fir6=flfV»w. m&ffi§P>ttMkk*tr, *« 

[00 5 9] m-ii k Lx^mm 



mm. mm) . #riiL®t lt^b (tbs) . ssa 

®T'$>&Cffii59Vvrft<7>3lBk, MKffiI§2rLTV>4 
* { . »fc»ABSr«iiWa-rSii:K:ov^T«. *^ 
«03Kfflfciiftfc*JVvC»ft#a4. EP*>, SIA®££tB 

*iS, WiB(c AIH- 4 f5£ ^'£TOft#£KS*-f 4 i 

3 CiBW- 4 .1 tfT # 4 #\ # AffiaWWffl 2 tiT V vflr 

v*»£. ^AWt-^tetfcL. ascfrisio^^'fEm-r-s. 

minfflltT&bWf&iLL*^. «. «Afi£ttiS0fg 
"T4 £ fc (co^TSW aKCWAf 4 ls—f'— 

mlx. mmM.mzmffct&tzMzmMkmtmifrmz 
tti77 j-vrm )vm*mtt^-h zk^zx^xh. 

[0060] s^ek i ■tcommx-co-^Rfti 
immzti-rR'?miiift(om&z®w l k-t&tc*r>tz. y 

*)Vy-\,z£^XX'* ht*\ygM&ft*'J?*< LXyHW- 

*m-ti><vx\ y *)V?- 2 o«^bjs« i 
ffl&nmim&tcL. y*>u?-2o<7)mmf*imm<o 

SB 2 1 *^^$ilT *5 0 . =&Sfta5 2 1 IZiZWBjmfc 1 
[0061 ] Z<7)mwmL 1 t-*f LT. 

•thtz&xnv— r-^msmm i «o«iiffiii*^^A-r 

^Sr5bt-f-4^tLTO^— f-2t. U— >f-^S- 

^bjs^ i <^cm<mmm. ■ «*Tsawr*fctt«s 

5-3 1, 3 2fc$-^r-T4„ Clix^l/-if-2. 
55-31. 3 211 SBB*«1W— ifll a.(OUmzU 

■r- ^5±KSJS§^TV^4. C^HJ^flSTJd. U 

— 9-'-2si^s5-3 l. 3 2*aBjai«iar/«iaj# 

{i®^ L . V-if- 2 5 5- 3 1 , 3 2 

4 fc i o T -*Wt#t6T' # 4 J: 5 *««(c =S: o T V> 
4. (*r*J. jSBjaHRl»l/»ffi*afcaB»S6B*«tO 
Wft. U— **-2, 5 5-3 1, 3 2SrH^L. 38"^ 
«c 1 &traffl#Bb&«H*ttfc#tt'Ct» 4 J: d LT t ^ 
W ) S§BJg«l, i/-f-2MS5-3 1, 
3 2Srjf«L^7 i -y^ (S^r-f ) U~ f-lt* 

m.\~thmiz. ccDtfom^^-frtrff^-c^Bj^i 

^*$*f6]«^-tt$:^ai-t47ttf). XYZ*(6]^ 
ib^Ifgi:=SroTV^4. ^rfe. 5 5-3 1, 3 2Ji^Jg^ 
<0^ifflS<7)/>:tf)OtcO-C-J> 0 s 5 5-3 1, 3 2 S-ffl^ 
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&Xo£LXi>X^. *PS£K1 rticSIASiifc 
1/ — f -ftfl^RStft iBi f iSBrtTAStftg ft £tt$ 
-£TAI*2tf-?> - 1 I. i. o fe, Afttf|]J8R»¥» 
ftflHi-CtAv^. Sri*. AWfcflSB&^afctTtt. 5 
5-3 1. 3 2cO«JKftrjyh' J .-^-^t-^)$ijepCJ: 
•3 BttWCa*ftWS^4«»ftK«* ^fSft 

TA«tft£ft^-ft£-£-l> <OT'$>oT t iv\ 

[ o o 6 2 ] t ti % mmmm i co&iiz^ mm®. 1 

$) 7ft«iTV^. Srfc. jSTOfiKl^tBajUfc* 

Lxfimu— f-tfc£mm-t2>%r&. mm fremiti 

-^WtLtzJyf-yJ irjy&ffhhifi* »Ateft#Ji: 

[0063] CCD6(:(i, «?U1 LfcT^n^fl 
#ft-r S a/ds»# 1 1 fttf-L 

[0064] B{ft*Q«£K 1 2te. C C D 6 a^OBfil 

«-^ft»WLr. ^-ttfciftaajjto^^- 

s*w-tt*>*ii, mm (xm&tom*??-??* 
<wsm*mfcz) . (ffi«. «. 
ft^'j-r-sffiugpft^r-rs. 

wmnw—v* ft*, mm. mm&h<r> 
tLx. ^frwmziixfthixtiMmm 

[oo6 5]<x(c, rnKDm^mmzm^xft-itiMfa 

W*«**ifefta^4 . tteSHSRfc LTs 1 5 2 . 4 X 
1 5 2.4X6.3 5mm(^;^T. Cffic£>(g#0.4 

M fttJBSUi. :«*7X1I«CB^. H2tC^ 
■*\k3fc. ^^*Krt^A*fLT*^g^^&± 

Xf^xasSffi^cOAWft (9 0- -(9 ) ftWto <?c 
J:9iA£<&£i3t^-lF-ftftAI*L*:. #5* 
SlS^JSifr^li 1.4 7T*. 0c#ift4 2 . 9 • $r 

<VX\ Alt$<?ift4 4. 1 * i:Lf>!. IP*>. ,I<0^A<0 

#y*mu<r>%Mmmf%mx'\$. iwm*# 



u— f-ytzmAZ-txts*). ttz. cmx'wx-. mx 

LtzV— f-%#\m-th X 3 izis— f-3fcftS¥A£-£ 
X^h jjWWSrc* & . s V -if- tUttHe- 
Ne)/-f-JSIL, h'-Agfr'0.5ram, t'-A 
COfetf ^Mlmrad, l/-fw 0.5m 
W. ifcK#54 3nmcO^— ^-ftftffiffltLfc. 
[0066]^. 4-0fifflt-**««. ^RStiTC** 

T, fftfe^SDWa (±*Htc*Jft4*<OA8Wlft 
(9 i Lfci: # fc, «HHfcA*hr**<0AIWltt 9 0 * 
-tfifcfc*. ) fttoTfefiH-Sidt^S. t¥o 

#5*^(cA»LT*fc*4McS;fc*±*iii'\«D 
Alt$ <9 i t SSiS^OAftfft 9 0*-^ i3W8*fl 6c X 

0 t a# < %%> x o izmfct&tfvx'xm i2#>tff&*L 
mz^mm commit. ^Lasuc**. 

ftnt. ^7X««t««4i-?»i't-tPM« OStfr 
^niftlfcL. Xr5^a6R<0±aHf:JBBfc:A«-r4 
AKft^ik (kJ±^5^««irtfcL'-1f-3tftSSALr 
*>^,±a®Syf^MC Altt -SfiiEfta L . «(cAWffl 
lk=l, 2. -fc-r*. ) i:-r-S.t§. 0iktf£Xs 

1 n^=ni/ntt'*§^Ll>EI^6'W±i:^?.J:3tC 

^a u^ttfuf *m tawing l*vi. jjukokbho 

i o o 6 7 ] ^ mm^mzx Diswtfi (^5^* 

1 <o±*ffiaixi8®T^R« 03i l . aeK 1 1*1 

btvfcWBi t v » -5 <7)fi , ^A $ titz u-^f-ittmm 
«flfte»U WABB-CftSlfflROffitAWSni* 

ft^st ft^ 0 jg Lxam ua»t 4 - fc ft«B*-r 

4. ^t, Y^[6]tAl^n^b-if-^{i, Sfiii 
ftY^|t]fc«L^t^<7)-B)fM (YZHJrffi) 

[0068] JSLhOj: die, ^^SfiOCiALtU 
>93gL, tf7xmmftlzmmt2&>t>tit:Xd%im 

b%z>ifi. mis&fcomv»m.Amzx-ixtf7AmMizm 

&mm txmvrmtuwm ? xmizm tx t , mmm 
mx^umzti-rizmm 1 jws^awiasri t t,z%h . 
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[ o o 6 9 ] . ±Mi-mmtt<7>mLM£ £ o . mm. 
i <?>±im®ifrt>Mx 1 >'«<?3tfaE3& t T& . z<r>m 

321 ac0*[6] (X^) tz&WbZ-ttX'tfoZblzJ:'), 

[00 7 0] i<o«aaatt:J:->T«iajLfctS«*H 
4, 05fcjjr$\ 04 li. CCD6(,zX-oXtktHLtz^ 

h&-2UZ&^X C C Dtc i oT^Hi Lfc3lW)flWB*. 
A/D£8&2§ (T^n^x^^l^aftS) ^y 

tefflLfcccDji. VFtfmmfciistoLM y*-9 

Jytt (**!s* v?-%L) tOCCDT\ 3R=F-»1 
300X1030. ^tHx!J78. 7 1x6. 9 0m 
nu CCD<Of&ft*2 00 0 0xV^ha>-<7)i J cOSr^ 
JBU «®fefM4CCD<OI83miaS:. 200msec 
fcUt. 

[ 0 0 7 1 ] 12 5 cOXfi{i^c7)ipS*-(6lc7)SSSr^ L , Y 
i«0«!SE^afc*3V^-C«. X50 (50jg) 

^fti/yxt. xo.4 5 ( 0.4 5te) «og§uyx 

ittiUV^OTs 1 tr?-fc;W46. 7 [;um]/ 
(50X0.45), EP*>. $^0. 3//m(Cffi^-r^» 
( 6. 7^m{±CCDtfOliiRlfi(7)^:#$2:^-r) . & 
fc. 3frD3fcg£ 1 2 t'-y h ( 4 0 9 6 : 1 ) 
±50. lglSOte (20000/4095) ■ Y ( Y : 

fc, «*^SfLttS7t3K<O^S«. f-^lt(2 000 
0/4095) x4095 = 20000Xl/;hDyt 

ccDoHF*ffi*]BiJfett»k=5:o> mMnmmnx 
<mmtox'3>-ytz. z<7>±oiz. tkta^wmta-t^ 

BttZWmzmwii- h z k h . i .r t\ 

g»URtt*. %<r>tz&>, $mi,K1t<?>lZkA,k'-£Xtf 
tot. fi&-h&fg^£ilMT'8StiiT-#&. 116 

tin 4 1 mmcvmzK&mmm (&$t ■ *mm) x-mm 



9m%t&Ltii>?>x'fo&. 06. mifrbfrfrhko 
meom^th^erm^^m^zmhtixLtw 
zcoxmx'it. m*&\&thztwx-*%fr^t:. 

H4»lXH6<0«*JR^iaA«»« (AFM) T-^L 
tzkZ*>. mo. 1 3 Aim. SJ0.001 3>umcOfgT- 

[ 0 0 7 2 3 $Nb\ ±iESaft»JB(cJ3V^T . iS9)£ti[ 1 
izftth U—F-ftcDMffi 6 i L^if^tC 
(4. 02^^-3^. 3HSfHStc<$t^K« 

»8<0J:3*fcOSrfflv^tf. S^OffiKOSP (CtB) 

[0073] <kk. ^*coji^Bjt3i3tts^aiaii 

*OjEaflJt3Ki*iatei«-iffi#StSJfc<ORH»S:H8fc: 
lit'. I^bSS^rattt. (CCDcoSS^B$ 
ffl) / (A-y?/7>-FO{i-9*' (2000 0/409 
5) X 1 0 0X1/? hO^jt-r&^T'WCCDCTDft;*: 

H^B$ra) fc£«U «#3tSfib«, 10- log 
,0 (S/N) tU. @8*^B|A.*^J:^:. tcg*cO 

B^o«aE*ffi-c«±, (B-^nwjt^ 3 o d b znt&mm 

lt^'^T'3 6 dB^C®^oTV^S*^. CCD^5» 
tafDfic7)$iJPltc «t ^ t c7)T\ 3 6 d B ^fii 4^ 

Slc« ^ S /N Jt^'# t>tiX^hk m&tih . (i^. ii 

*Dfli^rfifiK/WT'*6 4. 8dB (WfMcW-fiffi^** 
mtffi 3 fifUULT* Sit) 2r(4 h MZ&Z. . JS^tt^ 

i o o 7 4 3 * . ±ie<on«eesi-c-t4, a»a ^ j * 

44. 1* CL?t*<. <t , )^<^RStS:^ , 3ji-r©ii 

5M^T'#I». OT. SB^^rt&^"f5}frr4«^&^ 

[00753 14 ts^»t09 tc^-T X 0 fc, iSBJg 
«lc7)-ia (yWrtrfl) ^oT3KS:fE}f$-y-^t#«0 

«t|3ltl 5 2. 4X 1 52. 4X6. 3 5mmT'£> 
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9, C®<7)i|g{±0. 4mmtLfc. S§HflS«10gift$ 

(i5i?*'5xc73gw* i . 4 7 1 l . 3>h£&e i mmco 
jsmmiissss^smm i . ootu. stasis 

1 JR 9 LtCI ( ±*Ei&tfTiiifc** L 4 5 * <7)A 

^hyp) £ (0.0000000 , 0.6864532 , -0.7271740 

[00761 010 fcrisivt , ASWI t «, ffi&tfmS. 
lrtCA«UT36»4>«*BtcSfc4*ffl (±31®) £2tT 

ftf-T&fc&O, l«lTffl^z = 0tU>:tlOzlI 
[ 0 0 7 7 ] El 1 OcO^-AltAT'^SRiiHIifc?: ^ 

[00 78] £tz. I12W1 ASW4 3. 35' C 

( 1 ) . ( 2 ) , ( 3 ) tt-tfi-w-iaHBRitEaa* 5 0 

0. 2 5 00. 6 6 10 (9ttbIB#) 

I(yzfiS) <offlfffirt<o«««ft<oe»fc Ut#, H 
1 2fcS-f-J:at. 3BttteR»**'JjeUt«jWl*i£ 

SaU-i'jy^J; 3 StUMo-ffl ( y ) £ 

fafcr* y y HflaSa^fc** CflBfrfcSALfc •? "fit 
[0079] St, 09<7)^$ aU-ya Wc&tt&C 

3. 01 4&IM11 5Kqcf. ffi, C:«ySal/-y3 
Vtli. #9*3Si««0ffl*f** 1 • 4 6 (W— 
}SS5 4 3nm{Cffl^) t L, C®c7)ii©£ 0 . 2mm 
(013), 0. 4 mm (014) , 0. 8mm (01 
5) tS&fkS*fcwfc]2»H±> 09tfcV>Tfi : ->^>-S 

[00 80] 01 3~01 5Sr^.Tt*>* 1 l>«fcdtC® 

t^z±w^^fy.-f^m& lx Lt o <?)X\ cm<r>mtt 
**<%&ztiz£ix. mymmftZimLtiyt&c 

mizxmirhW£im<tc'>tzZti,zX.hi><r)X'h&. 

^t, mwmwLftiz&vhmm%M®$i.£$><-f&iz 



7XW5XS«(1 52. 4X152. 4X6. 3 
5mm) <0*&. *ffl&StHII&#3 0 0 EffiUrC**Uf 

(i0. 4mmOT*W*U>. 
[0081] ifc. CB«9flg#ftfc:0. 4mmT*>S0 
1 1 0 1 4 fc **f Jfrf 4 ^ , »HJHG*tf>JB*f* ( X 
(i, (SW««^ffl*fs(SttU- ■¥-% 

cr>%L&X&$.htztb) ) Z$£tt.Z-&2>Zttz£-?X. £ 

, m&tz x ^xfmztiizt tf$>hcr>x\ 
mn\±u— ?-ft(om&zmg.mm-z ztizx^x. 
$m&$ti\s\$!i$:mm-$>zttfX'Zz>. (it, u— r- 

[0082] 01 6(2{i, ±K>-5jL^-v-3ycOJ:o 

^mmmR^nzmxLfzm^mMcmM^-r. 

yUI/-y 3 ytli. aS8S«l<0Cffi6:3T6*» 
CO^TlS]^^^ h)U& (0.6924 , 0.3823, -0.6117) 
t U i<TjJWO*ttJ4±ffi^S Al/-y3 > (09 ) 
tm-k Lst. 0*c7)i3t, «A$^3feHtiaBflS 

[0083] SriS, «aE*fficofSBSfl:Sr*i 5 , 3SA 

Lfc3t*«3ifittflrtrrt^««* av ^< -t «t a t , a 

l*3KO3»7C<0*|([l^MKx, y, z ) ^fg^t 
■C, S«Lh<7)*5-j^*>^2:35EA-rsJ:'?t>, JJE* 

mtoX'±Ktt&ft&m&tzxMft&£Vi#>x% : S:mx 
Ltzm. mmm£<?>miiz&i>i£x%nxm®m.z& 

[ 0 0 8 4 ] 4/2, ±ie<OHit^®T14, SBJS« 1 cr> 

fcHfe-f, -ffll b<0*-rtu&»^>* Sr^A 0, S 1 
atjTll bcO^T0tfO2^0*^3e^^A2-^T^3E5rfi : 
ottSU. iSl ai:211 btf02/7(6]*^^Sr^ALT 

^E-rsfc, xm&zii-t&xmnmiiiKiitzmx-b 

[00851 fi^Oil 0 , *^(i^'5^^«l^(c^tS 
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*>T*3»T*4. Wis SW^W^RStfcilOig-*- 

8t£*K "5 Jg-J-ifigT* ttfifr 6ER 

tyZii&Zbt,z%&t:#>Xh&. ZtilzttL. flywWSr 

[0086] ±fc. ^X0MWcffiM%. Sgj&* 

m<vmd tz\^x'**comiZftttimm6ftt&^mi\ 

[0087] ±&Ltimmi&<?>fttS3}m$:m^& Z k 
-r&zk tfx% . tfyxmxozm&z m±-ti z 1 a* 

[0088] ±IEOt(aEfrffitt. 7* b"?*? 

(M®. 7=r hVX?ffli#J|*««>&illi*** : 
±0. 4mm. J¥$ : ±0. lmmgg) . ZCOtzfr. 

ltfcltfciEJI 
1f-#£A»$*4i:V*5l«¥&£i:ofc*£- s 

B#ra> } x mmm) «B6*tT^ tartsssa- 

[0089] #5*aa8l*Jfc:#A3;h.*l'- 

sit* u ^< k i>-mc?)i%M<?>mx-yttfKm-t$>& 
mm-x&ifugzzmzitxxstzit&zkizx*)^ a 



[0090] f =Sr*>^. jfiJKttftMrteoaifiKj&^WK: 

^-(nm^^mmmnmmx'^Rm^z «3»««s 
[0091] m&iztf-t&*Mftmz$cM%itz^&k 

7 * h7X;M7Xi« (152. 4X152. 4X 
6. 3 5mm)<7)^ l^-lf-TfcOAStft <9 i 5: 4 

5 . o*-44. o • (osmx-mm^t^t^i t & 
[0092] zti. mmytmm^\y— : f'-yt(7)m 

Ati . «3Ktt«rtl<0if a 1 1= i 0 . Wfc: 

[0093] i z x-rnxmrncomwi k a . 
mfc<7Mmzwm^&frh<?^mmzmxzi\& Jt a 

[0094] mmmxkmfenkoMtom$LW% 
m^ta-th&mmtn^mm^. immmta^mz^ 
^x^titzmmimim^mzmm-tmm^m 

if tc7 -f - K^'y m^vt ^.-^-^ 
[ o o 9 5 ] jbeiaeBflstc. ffie^as^g*^ 
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mm. $ zmm-t&mtmsztsiv h z t tmt. t 

[0096] -1*1(2. J-frMK&mKlz&fcthT^- 

1*60**. mm < $mu<r>&*?? ft&cowM*? 
mm%t') *k (rag. jis. lis, mz. m.®% 

m. mm. ^m^. mm^^m^t') <?>m\% (tt 

mm Ltzftcr>^tmmm Ltzmmt zmt-th z 1 

iz£^xm?ttmm<r>^-&c?)^m. mm. 

* ww- * - 1 a*? s £> . i 60 i a izmtma'&nT^- 

lz&!gcr>foZ>T^--&tt-t&tfy?.y7x hU-b 
£. «3K»t»a:StcSlttf1Wfc:»lifeLjfe'5, SfflfSKH 

[0097] ^owjifr&srSffcttfcia i os&sa* 

fc:J:9CCD*^5<0CCD6fflfc*SiRSii4. ±j$L 

«t a 1 1 5-f ^tt^w—y-HsitawsraaR i ±«ra 

Lt^^tui«i 6o±a®^®60B^7-'- * & mm 
•th. ccD#*7(,zn*)&£tLtiwm7-'-?&. a/ 

DSSUSi He J; 0-r^^;Hi-«»(cS3«$*i. PHftttMl 
SS«1 2fcA*3*iTiEtt«Kcl8tt3*U fMSBT'B^ 
J)Wfa**3:h.4. WM»TI4. ±l2^S(=J;o-c^aiL 
te%&m®T—$> t . Ktt»te^AA*L^vfcIB«« 

7*/P5*60^Kifi (*«i60K*f{2a60ffl^fi) 
-^ff (EKH*"?) ^t>«il«lgll 2KA:*) 
SixTfcO. CCD^^760B«r-^i:^160{2a 
Tr—Srbfrb, *«160i:60fiS (x. y) fc. 

mm. ±*iicoT^-Utttfhhfr¥^tbhtih. 
[oo98]isi ?>m8mmz7p&}-Bftw&&® 

i*i*3!61 6 «««t«*f it. 0176O e to&B 
«**«S!S*i.* HI 760B««Hl^fcfSSI$ii 

*B««0HHBf*RKbJfcfcO-C*4) . 017 (a) 
^-Tck -5 =flrttttoH*4 1 (2. m& 1 *ffi60te£ J; £ t> 
60T"$>»5. -e^ftglW&A^U:. J5£**30;um. fig 

&95£L*:) . 017 (b) fc^f <to^<6om 

mmzji&bcDX'h*). asa* 

1 mmgg60t60T'S>-l.. ZCOX 0 lZW1&W<? — 



4 211 4 Hcit^T. aX^0i:*oT 

* t h cox-. mi&eom&*?%i8.ftm* t ^jHrcrerc* 

[0099] ±fc. ^n-Wrt<^±% S*2. ttffiSilfc 

tz?>i?mmimmu <«, 4<o*», s 

m^) frhmmtbzkifix*%&. ^--ttco 

^tB^/t^ffls i trco^. mzm&mzftitm 
mi^mmmmxikk^-^t'Lxmm-^coAmt l 

[ 0 1 0 0 ] iO^-ttSr^W"* tSJt-oT 

(i. a«l(c»Sr4A»ffi«. JMr&tfffl ( 2*id) *» 
^>3t5r^A-f-l.i:. *HdttOft*^J^-tt (XPiS) T'J> 

7l£6o^A60tt*t LTJi. 0 1 8 60i d iz&wmfc 1 60 
—321 aO*f6] (X*I6J) tCL'-if-^Ll -5fll 
b60*[6j (Y^(6j) (Cl^— T-3tL2S-[ilB#fc2gALJt 

(X. Y2n6]&k') «ALT&4-r&J:3£LTk <k 

[oioi] 4fc» 0 1 i 3 tc. MAIf . u- 

•9-*- 13. 5^-14. 1 5*m^xmmwLi<oa- 

0 W-ir-ftL&SALT*%Htfcl«Ef4 
«^tfcV»Tfc, Jb!atl5]«^LT^^^l 6. C 
CDW517, B^MS^E 1 8 1 i-5T^-tt60 

[0102] ±i£HS4^ST'Ji. »R l<0y*l*] 

60-*l6)t60^l^-if-3!c^«A LT«Btr 40>J*#«f 
*Sl(3M : 5r-i»Alf{aS. »5r*2rifd*»&l'-iP 
-3K5r^A-r.l.*f-^. 4^. <&-rUtP*4Afltfflirc 
*6feSKi*<, ^Ji.tf02O6Oj;dlc. SSl60[s]t 

*(6]^vb-if-^Ll. L2£^ALTk. *^1460j>4 

^-14 i> iisitc^ifctj-r-^ h t ^ 3 *fgBj6o^mti5Sfig 

[ 0 1 0 3 ] 4fc. ±ESQBB«"Cti. a^3HR^U 

-■r-*«oi»Attciif-c**BnR9ffl»>4>ff-5fc*«. m 
jR Y >WM0m»e>m*.-t6 z t i>*imx'$> & . -ew^ 

l^-if-^S-^A-t £fc#>60 AltlgkLT. SHJ« 
S60Stfr$ t ( mm t 6* *3Ef£»*f 2r . fg*#J 

-fk. MBmfaftX'i:*)%<cD£&m£mK>mL. ±mz 
m.->xT-m-&ztfi&-t&fzMz&. cffiX'h&mw 
Mfrt>i'-'f-itzmA-r?>ztt>W£L\\ u~ r- 
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<, *Jfelftt9*^XW4/h$v^5if»4L<. 0. 4m 
mJSIT, iD*J4 U<ti0. 2mmJaTfc"f-4c03&*i 
V 1 *. U*»U ttV£/Jv£< (0. lmm*}HlC) -fft 
t , itKffi@f$££:(t#£ t ft *>"C#* L < ^rv 

[ o i o 4 ] <wc» 2tcfMBo«aE*rsat^«a3i«*ffl 

HBHfcfflvvCRifl-fft. 02 1(4. 3fflBIS«*jH8iJ^-ft 

[0105] mi^^mm^m^xn-otzMim^m 

BJ-Tft. 

Co i 06] &gf[MQ&g -77>f^yf 

=5:ftSgBJ3fflgl 4: LT\ MB. 9 

aon^iiraM&hjfc 152. 4x152. 4x6. 

[0107] £AXr?XgHRfr. fll£M*>&*£Vfii[ 

«Sr»^-ft. *tTi««BBiWl:CCDO«SgaSF 

(2. CCD<0^fc#fcUT»je««fc)4HW (A1.A2.A 
3.B1.B2.B3.-) Hfd (02 2) (IS2) . -TOi: 

#WLfcW£S«Al,A2,A3.Bl,B2,B3.-"fc. CCD 
(iOfflKWBtt-HSttTV^ft. W5£fcteJBUfcCCD«. 

>y^-^L) <0CCDT\ fSffiifcl 300x1 03 5. 
#?ajxU7#8. 7 1X6.9 0mmc7)i,<7)Sr^L, 11 
«SH«. PJSfg*0.7^T«L^. 

[ o i o 9 ] mz. m^mmfti^-y-'-mm-tz 

(IS 3) . ir-ftOAftffiBfttfAfitfcSMis & 

t u-if- 1 <7)tettm%mwm& zmia-t ft tea 

T . ■'tffiOiMrft #5*««£BWcP-1f-ft#^A 

1 . 4 6 T\ ^4 3.2* 3r*>T\ Alt A 0 i 

5:45.0- bLtz. 

[ o 1 1 o ] mz. tfyxmwLfHtzu—f-ftzmAL 



i o r §>'jr*ymztf h-ottfh-ix 

^cOAIt^^-fbS-frftdfcfcioT. ^7XS 
«rtSrgfltt-*3l6Stt» fc^Lf o-mft £ £ \,z%hcr> 
X\ #5*««<9jnl&g<0Jf&o^®iRLT\ iiv 

xmm^^^^^tthtz^^moifi. ttz. va. 

M» Alfcft£^»>$-£ft^&(i. i5-«M53yt 
^-?-&t'c7)$iJ«c i 0 iHMCft£&m*-&fftm 

<?y%w%»mk*mm Lxxffift&z^mz^h i><nx- 
)H^-tft4 5. o*— 44. o- nwmvmwmi&Mt 
[oin] aaj»iR*»6ssaj-rs*, bp*>^ 

ff3 (115) . fluft&ifotfii. #5xiS. P-if 

fa) tc»»8-ltTtfd. ffl. *7^it, 5 5-, U— 
IF-* Bit U U^X. C C D£ — ifctltylz z «^r(6](C^ 

[oi 1 2 ] «aai«rt<^fa^-tt«^BaE 

H 2 2 t-gPfifcA LT jjcf J; a iz . #f ij Lfc— ?ofl^ 
^«Alc0fcft^« (A1X1.A1Y1) SraOytWrtlfcTtf 
^P-^f-3fcL*>*e»^-ft J: 5 lc^AWC*ftBJR'3B 
iDP-D-'-^LSr^AL. *7Xlti*iT'^ltSI 
OiltTgflH-ft^Hrt (4 5. 0' — 44. 0' ) X" 
A8tft£SMfc£-t*\ 3p^-tt*tt*Tft. -etr. |S|« 

UgAlWJggB^S (A1XX.A1Y1) Srilft 4T^%— tt<7) 

T^ft (XS6) . =Srfc. fJl^ffi«A10>F%-e^Sffl 
*&*»^T4T*CCD<0|g3Kii^Ti3ixTV^ft. Srfc. a 
^^AHCiSftft^— ttOtJBtJi. (A1X1.A1Y1) £ 
310 x|ft^-(fi]CT : ff : 5rl/-if-^fKffi^-ft J: 5 fcl— 
if'-^SrAltt. y*Sttri*ifc:W— «5:fi$tTi, 

^ft^tt^O. *[S]14<?)*ft^ft)H4 (^P(g) 
T fc«*fc*Hirt-4 £ t ^*T-# ft . 
[0 113] M(MH 

Xg6tt>v^T. CCDfc:J:oT«lffiUfc^7^aHR*» 

a^ST-^a^ii. 02 3^-r <t $ttbw&g& 1 2 
b*.yh (4 0 96 : i ) {z^mLmmm^o (IS 
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1B&912 (20000/4095) • Y ( Y : @£8 

0) il/^hDyfJ,?,. 

[0 1 1 4 ] 33fr-ttg>ftggKg 

mt LX\^tl (2000 0/4 095) X200xl/^ 
hayfcMibt (A'7?^5yW (2 0000/4 0 
9 5) x l o oxi^? hnxiXR^fc * ) . IMHRtHi 

(XS8) . 

[ o 1 1 5] a*, z^mtmmxn. m&w$.k\x-m 

o tzm-k. Mzftm UfctWE««A2, A3, Bl , B2. • • • fc 1MB 
XS6-Xg8 (±§^-tcJ;oT{i. XS2-XS8) £ 
Ik Oil LffSr 3 . -f-LT, ^SEH«£T 

[0 116] ±34Ufc5dige»waMitt«*ffiv»4i4: 

wmm. tmfmtff dztizx^x, amwsmtzA 
&y* h~?*?mtf?z. : m.t-thc\b-ti t x'*h. 
[oi 171124H *w%<mwm&<?m5ymm* 
msscf < x?m*ryxmmzmm Ltz&2<Dmmmmv 

SB i comtmm t mcthxmnmnz-r>\< ^x am®-? 

[oils] m&.ttmt%?>Tmmfci t lx. m±.m 

m (H) , ftffligffi (TIB) &WWSM0B (T2ffi) , 
MKtOffi (CM) 3&^lffiW»Sfl/Sfiffi9 5mm (3. 
5-fy^-) <£, m$0. 8mm, >W*OR?L <lttS2 
0 m m <t> ) <7)5^5 x & S PMSflc^H^-r 4 X 7 

[0119] h 2 4 t^-r x o izmmmm 

<7>%Mm±.<F)h h ffiMnftmrnfrwrnmiz fa o t ai , a 

[0120] ^%-tt<o&Sli, PiMViCDtfyxmffi. 1 
O^ffl«M3&»4>U-1f-*LSrB«<0«t"t» (O) ^"[6]^ 
floT^AU *MfSffiil*lJ^ffl£-£tf¥S*fi (r 

iatc-ri.) , n&»ine$««Ki»is o^-tt-f) 



^AIW^SJSS (Alrl.Altfl) £tj!9 rJlpJtlTO^W 
6, 2 7ti'5*A®T-$>l»ffiffi0ffl (CM) tCl^— if 

-#l*#au n»«^5^aaRirt-c^Rit*«o 

jILTfsJi-r^iefflrt (4 5. 0' -4 4. 0* ) X'X 

*7Xl1g 1 StUBeS^ |B|*=S:^E*^— If-attr^ 
a"mfc»ttS*-C. «l€a«Al<^ (Alrl.AltfX) &9& 

xi>mb%\,\ 

[0121] MieMinmmmmtmmiz. m&iik 

AlT{iSF*«fH*jaiy!:*:RB*%H.SfL**»o!t<0"C. 
**M«A2 , A3, Bl . B2, • • • CftGHBtt* , MIB^EfS 

[0122] luiem i co»fe^m®t n*. 
m&m®x'fr®mm£mtKxmtfmiztitzw>-&. ^ 

[0123] ifriasetaifeawBsitisrjsfetfev^ 

WPfffl*«8HHM s 5r«KO« ^> #'tc@H LT ftSW4 
W#«««<0S*4^«r< 1 1 2oco^£^A-ri»^ 

zmm-t&ztizzixwomKzttfX'Zz. tn. 
x, \s-v-m3tz$)mmzi8.m<c\btfX'Z&. 

[0124] £tz. IXm frh 
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$-ltTiiAft£ 1/ xX^<o*¥ififc: J: oT*3t LTtt/h 
*3KSiifcU— WbWABJ: OJSfctt* 
Sfltctefi'TOftk&oTslASiiS ± olz. «A1J 

[0 12 5] £tz. mffltit<?P&D--&. ( APfi) 

x. 02 6(^-rj;a^ (mmammmm. (2)im 

(Cffi) ) i D l/-f-*L^gALt^-tt&^S 
■$-4%6\ SSA®J3h^)TOX0ffl*^7fe**5iJBL, 
k 4. #<03ltfT2rmte*trti"$-4 

ft^A^BinffilWcOOTXiyffi^PH^. 

oiz£-?xmm-rhztizj:<o. mi*)m*t>M&Ltz 
ytznx/MftimnmzmAX'Z h<nx\ mxzimv 
x. mxttzu-^-mxK)^mzT^-B^zm 

mm ■ mmm^WLtat^imt^h. 
[0126] zizmm&xmiztiw&mimm, rxs 
msdMwUj&itz&if&mi. m2<r>mmmx'\i.. mm 
tt±ifztifcm$zii-t&mxmintL,x. h^tm 
<DwmM&mitzifi. fiv^zmh-f. T-?V)i<mm 

[o 1 27] linesaE^tctsttsiisft^©. & 

* hvx?ffl#5X««T*&4#5^;/xh^-hc7) 

*?9\-mmmzi*ffiit±v L&v^srk-c&aa*. *<r> 

i>mmit±.tfztix^&$m mfacos&mm. mum 
w) tt£h<r>x\ *%ffl<v®&}]&. aaEsmu^-c 
^-ttftZft&rrh z\ k 4 . £IBntt±{f 

tetmx'bh. 

[ 0 1 2 8 ] $ri>. M(H^fflSr»^-r4fca6coM^-r4 
ASH. &4VMi. ^'^x^-rOIUWJ^t^W^ii 

4. m^mmncomm^m^Ltzmmt. m&itz'&i> 



l>0)%t'lzmft£'k£ J £XM')imz>) . xri/-i 
4. 

[ 0 1 2 9 ] a*;, miea^tt^st «nffli*<oai>r* 

«rtfc*A Lfc#*W3Sfc£RSt LTrtSUfcR^ k # 
T"#4„ jfBJMgdtf^tf^x (g*f$ 

1.46) &k**U < fflV^ixS<OT, Jg#rWi£< . 

1 . 52). lyf^y-i- (ffip D a«. Siff^i . 4 
9). ^'a-H^^y O-Xb^u^. atwu . 7 
4 ) . -fe^-i iA (JBBHf* 1 • 5 2). San? 7 ^ y 

(mtnmi. 48) , r^r^-y^x (Wfl,*. gsf* 

1. 4). /'Jt'jy (Stff* 1.46) KZifimfb 

[0130] X^yj^^rA,, iyf5>- .x-3:k'tf) 
^*?f14co t coWi , df >- ^=5: kcO*lS^^J * Jo*. 4 

«5WJk LTti. W^F6 - 4 4 9 6-9^WBK^iK 

[0131] SBSS«<O^B^ffift±tf Sfirvvflrvi 
i*^mS(c{±. 0ij>i(±". aw»«rt«<^^-tt (M 

a. fm. mm) e>&z®&-t z 
k&&. Mii£imi'7h~?z.?mtf ; 7J.mm<v®'& 

[ 0 1 3 2 ] a^ttfeK<y5«i. EH^Jg (Jg 

(c ^< k 1 2&<omvztt$\-th^'n%¥-m*ii-r 
hmsL (mm. mnm ^rawkk) k-rs 

k. mALtemteKM*mVMLxmif*lizmii&to 

^^a?ri3iBj^3^k* ? t:-#. jflfjawjaOTffit 
x^ (flffly7h7x^)ffl) tf^xffiSL i B B B fa 

X^. ^r-fX^^) ^k'#«a«<0^i£^3Sffi^T- 
ft4. «*8ffiSi^;tf7Xg«liRai«5r<7)T\ 90SI(=«l 
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[0133]^ iMmmmxM. v—^-t u 

T, JRflcU— (He - NeV-f-) SrfflV^*^ 
£ V ^<± . Mftfemmztt LX V ^ t cOT'J> ft 

gu~ r-. co2i^— r-mztfi&mxmt Lx&m 

f^ffit^J: 0 55 0 < «T tfMWX'Z h cr>X1&£ U ^ . 

toi34i4fc. ±immmmx'ii. mmzm-&A 

t'c?>£o%:±o%m&LX'i>£<. u—r-smzftmm 
m^mmftz k> . mu^^i-hy^^-^mm 

tmbmmnx o t~s y-x'\z%< . *7t^ **m^ 

A YW>*m^X&WLcr>&mz^X&miiiktz*) . foh 
[0 13 5] 

mwm%&ftm.x'i>z>-£8.msmm LxwemiKto 

lzU-*?-ytZmt&£>Z£olzl.X^&t:ib. igfttt 

m&i>s&&Mt% <o . T^-mm^ztei # o ^ Lfc 
aybyxhxmti. mm^mco^-^-mmmizm 
ftx-zhbt^z. mmsg. nmmzm$,-t&zt&x° 

$^>(C S^ttJC^B^W-^^-f , f*] 

(01 ] *»WK»*a^«««^-tt«BteS{I<o 
[ 0 2 ] 0 1 *>»5BHiW>--ai*ffi* LfefflnBHT* 

#E0T'S>£>. 

[04 1 aiottafgesKj: "3«tBS<tfc^r5^a«* 



[E5304 nwmvfflmfr h wmmxz &~>xn&> 
htvtz, m<om%ftizMihw&mftifi£7F-tmx'h 

[06 3 H4<0«Sr3t*fil»a (Rlt • TO©) TIKSK 

[073 m^<mm^mm^hmmm^zi.-iX^oh 
hKtz, ®<vm%fa£&vz%mmftitiZ*-tmx'h 

[08] *¥&ffimbmm-tttv>miii®miimLtz 
i>cox\ iEmitmw%mi,ztt?z>m*mmitcr>mm* 
■t-ZyyX'hh. 

[09] mw&Mizzvy-mizmixu-' r-3fc£^A 

[010] 09co^s ^-^3 >^;:J:&i^£^^l^')-0|J£• 
^H-0•c^>.&. 

[01 1 ] 01 OtU3*t*a^6«^<OA»ftfc*iBR 
Stills b?>m&*7F? ?y yx-hh. 

[012] 09<D^$ il^-^a ^"C»6*lfc. 3BJ!S 
[01 3 ] 09£O^5 al/-y 3 VOfl&CDWfcfctt&jg 
X'&h. 
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